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ABSTRACT 


This dissertation was designed to investigate the 
relationship between personality and cognitive variables 
and concept acquisition as analyzed by the method of component 
curves. A further purpose was to describe the behaviour of 
the component curves under conditions of transfer and under 
conditions of changing difficulty. 

Concept formation tasks were devised that produced 
sequences of scores which were considered to be represen- 
tative of the learning processes. One group of subjects 
was given two tasks of equal difficulty and another group 
of subjects was given two tasks of different difficulty. 

The matrices of scores were broken down into com- 
ponent curves and individual loadings. The canonical 
correlation between the individual loadings of group one 
task one and the personality and cognitive variables was 
found to be significant at only the .20 level. The 
important psychological variables seemed to be serious 
versus enthusiastic, uncontrolled versus controlled, and 
reasoning. 

The group was divided into sub-groups according to 
which curve they loaded most heavily. A discriminant 


function was calculated using the personality and cognitive 
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variables. Again the three aforementioned variables 
seemed to be most important. The memory test was found 
to be of some importance also. 

Using two equally difficult tasks successively on 
the same group it was found that the curves showed earlier 
acceleration on the second than on the first. This was an 
indication that transfer had occurred. This was verified 
using a descriptive technique. 

The investigation of task difficulty and curve 
complexity was unresolved inasmuch as the increase in 


difficulty was too great for the subjects. 
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CHAPTER I 
INTRODUCTION 


Despite the fact that the field of concept formation 
has undergone intensive research in the past few decades, 
relatively little is known about how individuals acquire 
new concepts. Even less is known about the characteristics 
of the learner. 

Research in this area is divisable into two fields. 
The first area is the investigation of the end product. 
These studies investigate concept formation from the point 
of view of the developmental aspect. Such research is 
aimed at discovering at what stage particular concepts are 
acquired by an individual and determining the breadth of 
concepts. In this area, it is the concept that is studied 
not the formation. 

The second area of study has been the process of 
formation itself. What does a person actually do to acquire 
a concept? This area of study has been more recent and up 
to the present time has been tedious, requiring the individual 
study of subjects in the process of acquiring concepts. 

The present study is an attempt to adapt the method 
of component curve analysis to studying the process of con- 


cept formation. This in effect brings the time saving 
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methods of group analysis to bear on the study of concept 
acquisition. 

Essentially the study is an effort to delineate 
learning parameters or component curves, and to describe 
individual behavior in terms of these parameters. The 
parameters themselves are to be studied to determine 
their relationship to certain cognitive and personality 
variables. In this way it is hoped that a fairly useful 
description of the parameters will be possible. 

Because the method to be used in determining the 
learning parameters is new, the extent of its possibilities 
in educational and psychological research is as yet undis- 
covered. Therefore a second purpose of this study is to 
illustrate a further use of the technique in the above 
fields. 

If the method of component curvesis to become more 
widely used in psychology and in particular in the area of 
concept formation, further investigation of the character- 
istics of the curves is necessary. This then is the third 


purpose of the study. 
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CHAPTER II 
INTRODUCTION TO THE REVIEW 


The review of the literature has been divided into 
several sections. The first section deals with the com- 
ponent curve technique, its derivation and application. 

The second section is a justification for classifying the 
concept formation of individuals. The third and fourth 
sections review literature pertaining to cognitive and per- 
sonality correlates of concept formation. The final two 
sections deal with complexity and transfer as they apply 
to this study. The description of learning through the use 
of graphical methods has attracted researchers in psychology 
chiefly because it is a concise yet easily interpretable 
means of illustrating a complex phenomena. It has been 
traditional to use the average learning curve of a group 

to determine the characteristics of the learning process. 

Hilgard (1938), in discussing the Vincent procedure 
for averaging individual curves in order to reveal the form 
of the learning function, pointed out that by averaging the 
individual curves many of the variations due to individual 
differences are eliminated. He further pointed out that in 
many cases it is the individual differences that are of 
interest. 

From a more mathematical point of view Hayes (1953) 


criticizes the use of averaging performances at successive 
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es 
stages in the learning process on the grounds that the curves 
obtained are irrelevant inasmuch as their forms are deter- 
mined not only by the form of their component individual 
curves but also by the distribution of the curves. That is 
to say, if there as a consistent majority group of individual 
curves the other curves would not be adequately described by 
the average curve. Perhaps an even more devastating criti- 
cism is that it would be possible to have an average learning 
that did not approximate any of the individual curves. 

Estes (1956) in discussing this problem states that 
just as any mean score could have arisen from an infinite 
number of sampling populations so could a mean curve have 
arisen from an infinity of curve populations. Therefore 
no inductive inference from mean curve to individual curve 
is possible. 

Estes divides learning functions into three classes 
in an effort to show what happens to the shape of learning 
functions when they are averaged. 

Class A functions are of the form y = ax +b, 

y =alnx, y = a, and so on, wherein each parameter appears 
either alone of as a coefficient of the independent variable. 
In averaging class A curves, the form is unmodified and the 
parameters of the mean curve are the means of the parameters 
of the individual curves. 

Class B functions are of the form y =log bx or 


y = 1+ b, in these cases the form of the curve is unchanged 
a ax 
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but interpretation of the parameters is complicated. 

Class C functions are of the form y = a * be~°*, In 
this case the form itself is modified by averaging. 

Sidman (1952) suggests several alternatives to the 
problem of inference from mean to individual curves. One 
of these is to develop techniques which produce lawful 
individual functions. Such a technique has been developed 
by Tucker. 

Tucker (1958, 1960) has shown that learning functions 
can be treated in the form Xji = aj) yy 4 250 Voy verse iE) 
where Xij is the score of the "i"th individual on the "j"th 
task of a group of sequential learning tasks, where (i = 1, 
Seer ead | os ly eee oN) Aspeeda, are trial parameters and 
Yiieee Vy are individual parameters. For class A and B 
functions there will be a few terms on the right hand side 
of equation (1) but for class C functions there will be an 
infinite series of terms. 

The method devised by Tucker is based on the idea 
that equation (1) is identical to the basic linear postulate 
used in factor analysis. In factor analysis the observed 
score x. is said to be the weighted sum of the factor scores 
for the individuals, the weights being the factor loadings 
for the variables. In this case a sequence of scores for an 
individual can be considered to be the weighted sum of ref- 
erence learning curves, the weights being the individual 


scores and the factor loadings forming the reference curves. 
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This technique is analagous to Fourier analysis in 
which complex waves are resolved into a series of simple 
sine waves. The factor component curves like the component 
curves arising from a Fourier analysis can be interpreted in 
such a way that they may represent either individually or in 
groups, particular processes. The two techniques are similar 
in another respect inasmuch as neither procedure has a 
unique solution. 

Providing that the component curves can be interpreted 
meaningfully one can, by examining individual loadings on the 
reference curves, gain an understanding of the extent to 
which an individual's learning approximates the process im- 
plied by the reference curve. 

The relationship between the loadings and certain 
personality and cognitive variables can be determined using 
the technique of canonical correlation. If the individual 
loadings tend to separate the subjects into groups, a dis- 
criminant function can be calculated using the cognitive and 
personality variables. Both of these methods will help to 
determine the underlying dimensions of the processes 
represented by the curves. 

The derivation of these factor curves and component 
curves is given below. As in factor analysis the procedure 
amounts to finding components that will approximate in a 
least squares sense a given matrix. In this case the score 


matrix is to be approximated by the product of the individual 
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loadings and the reference curve matrix. An element of this 


matrix can be expressed as: 


* 
= ; . < 
Xy5 = 125m Yni (r§n when n€N) 
(r<N when n<£N) 
os a 
and 2X5; - xii) is a minimum for a given number (r) of 
factors used. The score matrix can be therefore written 
as X = AY. 
In solving for A and Y the score matrix is written 
as the product of three matrices (equation 2) where U and W 
are orthonormal matrices of order (NxN) and (nxn) respec- 
tively. Gis an Nxn matrix with Bi» Bor +++ By (when N<n) 


as elements in the first N upper left diagonal positions 


and zero elsewhere. 
| a UC ees ee ee, SUS 


Tucker calls the columns of U the left principal 
vectors and the rows of W the right principal vectors of X. 
Equation (2) is referred to as the canonical resolution of 
X (Eckart and Young 1936). 

U and G can be found by finding the latent roots and 
vectors of the matrix XX'. This will give G* as the matrix 
of latent roots from which G can easily be found. In 
approximating the matrix X only the r largest roots are 
selected and equation (2) can be written as X,, = U,G,U_. 

In this case Ue will be a matrix of order (N x nr), Hos will 
be a matrix of order (r x n) and G will be a diagonal 


matrix of order (r xr). 
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Weitzman (1963) states that in the case where the 
number of individuals excedes the number of tests U, can be 
called the co-ordinates of N learning sessions in r space, 
and be is a table of performance points of n subjects in the 
same space. He goes on to state that UG. is equivalent to 
r factor component curves running over N learning sessions. 

Each subject's learning curve is represented in 
approximation by a row of X, and may be regarded as a 
weighted sum of factor component curves. The weights are 
given for each individual as columns of W. Since the simple 
sum of the factor component curve also represents a composite 
learning curve it should be of the same order of magnitude as 
the weighted sum. Considering for a moment only the matrix 
of weights Wr it can be seen that because W, is part of an 
orthonormal matrix W the sum of squares of the n possible 
entries in each row must be one. In order to make the 
weighted sum of the component curves the same order of mag- 
nitude as the simple sum the weights of W,must be increased 
such that the sum of squares of the rows of Wywill approach 
the value n. This can be accomplished by multiplying the 
matrix W.byVn to obtain the individual weights. To pre- 
serve the equality of equation (2), UG must be multiplied 


1 
by yr 


The component curves are given by the relationship 
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and the individual weights are given by 
1 
= 2 
Bos Ft, “Wy (4) 
The matrix B can be calculated more easily by using 


the following relationships Z=2n -2yG 


\ a as | 
From which n“G 2 = JV 
and a7 ply = w 
to form B = nG7“ZX from which Bh = nG.-*Z x (5) 


In comparing this solution to factor analysis, the matrix 
U is equivalent to the factors arising from an analysis of inter- 
correlations between tests. The matrix W is equivalent to the 
factorsarising from an analysis of intercorrelations between 
people. 

Since the solution of B, and Z, is not unique, 
By, may be transformed by T such that A, = BLT and Y, = jute Se 
where T is a non-singular transformation matrix the proper- 
ties of which are described in the experimental procedure. 

The determination of the number of significant compon- 
ent curves is a problem that is still unsolved. This is the 
same as determining the rank of Xe 

Weitzman (1963) suggests applying the runs test (see 
Seigel 1956, p. 52) to the columns of the matrix Z. It is 
desired to have a value of r¢N such that vere can be 
considered to be random error. Since the first component 
curve accounts for the most variance and thus approximates 
the over-all mean curve, and since all the factor component 


curves are mutually orthogonal, the remaining component 
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10 
curves should fluctuate about the zero line. Any significant 
trends in this fluctuation will be indicated by the runs test, 
where the runs consist of pluses and minuses representing 
fluctuations of the factor component curves above and below 
the zero line. The value of r then is one less than the 
number of the first iactor component curve which shows insig- 
nificant trend and which may for this reason be regarded as 
an effect of the random error in X. 

The procedure can be summarized into a few steps. 

1. Formation of XX' where X is the observed score 
matrix. 

2. Determination of the latent roots and vectors of 
the matrix xx’ using Householder's method. 

3. Calculation of the runs test to determine the 
number of significant curves. 

4. Calculation of the trial parameters B,. 

5. Calculation of the individual weights Z,,. 
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Justification for Classifying Concept Formation 

Implicit in this study is the assumption that indivi- 
dual differences in concept formation can be classified. 
The following literature supports the validity of this 
assumption. 

In the work of Bruner, Goodnow and Austin (1956) 
values of the attributes shape, color, number, and border 


were presented to a subject who formed an hypothesis about 
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La. 
the concept after being informed as to whether the concept 
carrying card was an exemplar of the concept that the 
examiner had in mind. As each card was presented, it either 
confirmed or infirmed the subject's previous hypothesis. 

It was found that subjects tended to use one of two 
strategies in solving the task. These strategies were the 
wholist strategy and the partist strategy. 

Goldstein and Sheerer (1941) using sorting tasks 
found what they described as concrete and abstract behavior. 
Hanfman and Kasanin (1942) support this view. 

In discussing general approaches to research and 
theory in this area Vinacke (1952) describes two orienta- 
tions. The first is the composite-photograph theory in 
which the problem solver passively acquires a picture of 
the common points. This view is held by Moore (1911), 

Fisher (1916) and others. In contrast to this is the active 
search theory advocated by English (1922) and others in which 
the subject makes an effort to solve the problem by making 
and testing hypotheses. Vinacke supports the idea that both 
theories are useful in explaining different kinds of behavior. 

Yudin and Kates (1963), investigating concept forma- 
tion in children, found three kinds of strategies. Working 
with university graduates, Blatt and Stein (1959) were able 
to classify problem solvers as being efficient and 
inefficient. 

It can be seen therefore that there is some precedence 


in classifying problem solving behavior. 
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Cognitive Variables Affecting Concept Formation 

The most extensive study in this area was done by 
Baggaley (1955) in which he had subjects sort cards into 
two piles. The cards had five dimensions, two attributes 
per dimension. He found the time required to make a decision 
with respect to each card's placement. After the subject 
had made his decision the experimenter indicated if it were 
correct or incorrect. It was found that there were two 
groups, analytic types and non-analytic types. Using log 
time as the dependent variable, the analytic types showed 
higher variability than the non-analytic types. It was 
further found for the whole sample that performance on the 
sorting task was correlated with strength of closure .45, 
deductive reasoning .31, figure analogies .36, inductive 
reasoning .26, and speed of closure .28. He found no cor- 
relation between log time and spatial relations, vocabulary, 
number word fluency or ideational fluency. 

Harootunian and Tate (1960) investigated problem 
solving as a function of problem recognition, word fluency, 
ideational fluency, closure, intelligence, and reading. 

They found that reading and intelligence were the best 
predictors of problem solving. When these two variables 
were removed, problem recognition became the best predictor. 
The other variables were found to make little independent 
contribution. 

Guilford (1954) states that there are several kinds 


of problem solving and for each kind of problem there are 


Sf 


Botvgmos sgsoneb 3 
yd etob efw sets sits at yhude ead ) som od 


ovat efrss troe asostdue bad of BONES i se 


eetudizxgtss ows ,~enofansmibh evi? bed ebiso siT 
agtatoed s olem od beiiupset smty edt Bayo} oF notenemtb 76q 
tosidue edd tsttA .Jnomeosiq @'baso dose af . | 
etew Ji TE begsoibnt asdmemiteqxe sft notetseb ats 


ows sTew stend geris baveol caw JI -SOTIOONS we 


gol goie§ .2ecys oisyisns-non bar esqyd siggiata cs 
bewede seayd oivyisns sit ,sidsigsy sasbreqeb eee 


epw cil = .eeqyt oftyiace-non edd asda Vil ideraem sedgtd 
os <a 
edd Go sanstrictrea Jadd sigmsa slodw edt aot ia vine 


-t@. swusols ‘to dtahatas dtiw bstsisiitos cay ane? alsro e 

~ - le 

ovidowbat ,cC, esigoisns omyit ,1f. sninosser 
“109 on bavot aH. 26S. siusclo 20 heege tee ,a8, 
\visindseov ,anvitalet:-léeizaqe bas smit gol aaeusad ne 


«Yonsvlt isnottsebt to youeul? ban 


iteidortq begeuivsevnt (O0°L) ogeaT bas ne 


<Yonenly dtow ,aolvitigozes meldetq to not soit? 8 co 
suaibser bas , eofesilissn: - erueolo omeUL — 
teed odd etow gunsgiiletn? bas gatbees eds as ane 
seidsirsy owt evedt medi .anivioa. moxdong 30. WM. aa 4 
-tosolberg saed efit amesed noitthaoaan it. 
Inehnegebot olsats eism o¢ bayot st9W 2 


ae 
usually several possible operations by which it can be 
solved. It is his opinion that general reasoning, fluency 
of ideas, flexibility, evaluation, and originality are 
among the abilities most likely to be important in problem 
solving. 

In a factor analytic study of concept learning 
Stewart (1960) analyzed 15 reasoning tests, 13 reference 
tests, and 4 concept tasks (I. verbal sorting, II. figural 
sorting, III. figural memorizing, IV. verbal memorizing). 
Following oblique rotation, she found that the four tasks 
had loadings of greater than .25 on what she described as 
a flexibility of reasoning factor. 

Staats (1957) found that scores on the abstract 
reasoning portion of the D.A.T. correlated -.33 with log 
time required to solve the two string problem. 

In Maltzmann, Eisman and Brook (1956) study involving 
the two spheres problem, subjects above the median on the 
abstract reasoning test produced more solutions than those 
below. 

McNemar (1955) used four types of reasoning items 
to select high and low reasoners from a large group of 
students. These students were compared on fluency, induc- 
tive reasoning, deductive reasoning, and variability as 
tested by the water jar problem. She found that the high 
reasoners were significantly better on accuracy and speed 


of induction and accuracy of deduction. 
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Osler and her associates (Osler and Fivel, 1961; 
Osler and Weiss, 1962), working with relationship of intel- 
ligence to problem solving found that when explicit instruc- 
tions were given to normal and superior children there was 
no difference in their problem solving ability. When the 
children were required to find the problem, that is, there 
were no explicit instructions, the superior children were 
more successful. 

In further work, it was found (Osler and Trautman, 
1961) that increased dimensionality of the problem slowed 
the superior group but did not effect the normal child. 
This was explained on the basis of the normal children 
achieving solutions by a slow build up of S-R associations, 
while the superior students actively test hypotheses. This 
interpretation would be in line with that outlined by 
Vinacke (1957). 

In studying memory and its effects on problem solving, 
Gahill and Hovland (1956), found that concept attainment is 
markedly superior at two levels of difficulty when all pre- 
vious instances are exposed, compared to the case when only 
the current instance is exposed. 

In summary these studies indicate that reasoning 
factors and memory are important in concept acquisition. 
Rather little work has been done on the relationship of 
these cognitive variables to the Brunerian type of concept 


tasks. 
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Personality Variables and Problem Solving 

Little work has been done on the relationship of 
personality to problem solving. That which has been done 
indicates that this may be a fruitful area to investigate. 

Blatt and Stein (1959) found correlations of the 
order of .35 between problem solving efficiency and the 
Esthetic score on the Allport Vernon Lindsay Scale. 

Staats (1957) found a significant but small corre- 
lation (.11) between Taylor anxiety scale and log time in 
the two string problem. 

Romanow (1958) using a verbal concept task found 
that high anxious people did less well than low anxious 
people, when interfering or competing responses were 
strong, that is, when the number of possible alternatives 
was large the high anxious people had more difficulty. 

In other studies less related to the present study 
Fillenbaun and Jackman (1961) demonstrated the inhibiting 
effect of dogmatic personality on certain types of problems 
involving the temporary adoption of a belief system incon- 
sistent with reality. Similarly, Neal (1959) found 
authoritarian personalities had more difficulty learning 
ambiguous material than non-authoritarian personalities. 

Wesley (1953) found that anxious, rigid and normal 
subjects chosen on the Wesley Rigidity Inventory and the 
Taylor Manifest Anxiety Scale, took equally long to learn 


a concept task, although when the task was changed without 
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warning, the rigid group took longer to shift. 

Rhine (1957) found no relationship between anagram 
solving and the McClelland achievement test. 

Finally, Eysinck (1959) selected introverts and 
extraverts on the basis of the Maudsley Personality Inventory 
and found no significant difference in problem solving when 
the criteria were either total items correctly solved, or 
speed of solution. He did find, however, that extraverts 
took longer to obtain correct solutions at the end of the 
test and gave up more easily during this time. 

As can be seen, investigation of the personality cor- 
relates of problem solving is in its infancy. There is 
controversy as to what effect, if any, the variables have on 
the process of concept formation. In reading the research, 
one is intuitively left with the feeling that the personality 
variables are important but that the means of investigating 


this importance have been inappropriate. 


Task Difficulty and Concept Formation 

A minor part of the present study is concerned with 
the relationship of task difficulty and component curve 
complexity. It is therefore appropriate to cite research 
on how varying degrees of difficulty can be achieved in 
Brunerian type tasks. 

Bricker (1955) found that stimulus redundancy, 
retarded learning by making the stimulus patterns more com- 


plex and hard to identify. That is, if only two examples 
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17 
are necessary in identifying the concept, a third but redun- 
dant example will tend to increase the difficulty of the task. 

Reed (1946), using verbal problems ,agreed with the 
above finding and further found that, as the complexity of 
the stimuli increased, there is a definite trend to shift 
from logical to illogical learning. 

As cited earlier, Osler and Trautmann (1961) found 
that the difficulty of a concept task was increased by 
increasing the number of relative dimensions. 

Wallach (1962), Shepherd, Hovland, and Jenkins (1961) 
all agree that difficulty can be increased by increasing 
the number of relevant attributes. ere 
In this study, therefore, difficulty of the task will, 


by varying the number of relevant attributes. 


Transfer and Concept Formation 

Eckstrand and Wickens (1954) found that subjects 
trained to learn concepts involving one attribute, for 
example color, solved problems involving that dimension more 
quickly than groups solving problems involving a dissonant 
dimension, for example form. This may be an indication that 
set plays a more important role than a "learning how to 
learn" function. However, Olsen (1963) has shown that sub- 
jects solving two problems did as well as subjects solving 
several problems. This lends support to the idea that 
there is some effect in "learning how to learn" which in 


this case took place in the first problem solved. 
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Shepherd, Hovland and Jenkins (1961) found that 
when problems were done in type blocks and a high level 
of mastery was required, transfer occurred. 

A purpose of the present study is to show the 
effect on the component curves of transfer or "learning 
how to learn." In accordance with the above research, 
two tasks are used which involve the same level of dif- 
ficulty, one level of one attribute, and which do not 
involve the same attributes. This latter condition is 


an effort to separate set from transfer. 
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CHAPTER III 
DEFINITION AND HYPOTHESES 


Concept Formation 

For the purpose of this study, concept formation is 
assumed to be a process of categorization. 

Being shown exemplars and non-exemplars and classify- 
ing other stimuli on this basis is considered a concept 
formation task. It is assumed that a concept has been 
formed when the subject can correctly classify twenty-four 
consecutive stimuli, or when the subject names the relevant 


attributes of the concept. 


Difficulty 
The task difficulty in accordance with the findings of 


Shepherd, Hovland and Jenkins (1961) is a function of the 


number of relevant attributes in a concept problem. 


Complexity of the Learning Function 
Tucker (1960) states that the basic learning function 


may be thought of as having a complexity equal to the number 


of reference curves included in it. 


Transfer 


In this study, transfer is restricted to using tech- 
niques developed in one concept learning task to facilitate 


learning in another. 
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HYPOTHESES 


I. Individuals can be separated into learning 
groups according to their loadings on rotated factor 
curves. 

II. These groups will differ on cognitive and 
personality variables. 

III. A “learning how to learn" function can be 
demonstrated by increased slope in the component curves, 
and by earlier acceleration in the component curves on 
successive tasks. 

IV. There is a relationship between task diffi- 
culty and complexity of the learning function, such 
that, as the difficulty of the task increases the 


complexity of the learning function increases. 
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CHAPTER IV 
I. THE SAMPLE 


Two classes of grade seven students at Mount Carmel 
School in Edmonton were used. The first class of thirteen 
boys and ten girls was used to test hypotheses I, II, and 
III, and the second class of eighteen girls and nine boys 
was used to test hypothesis IV. The concept problem was 
administered in May and the testing carried out in June, 
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A population of concept carrying cards was evolved 
using two attributes--shape and shading. Each attribute 
had three values. The three shapes were: square, triangle, 
and circle. The three shadings were white, black, and 
striped. On each card three figures were drawn and shaded 
so that all possible combinations of the values of the two 
attributes were considered. The description and number of 
each card is given in Appendix B. 

Tasks were formed by selecting eighty-one cards from 
the population of cards. The selection was carried out as 
follows. It was first decided what the relevant attribute 


would be. Since it was desirable to have two tasks of 
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equivalent difficulty, two tasks of one value of each 
attribute were selected. For task one a card considered 
to be an exemplar was any card carrying a shaded square. 
For task three the concept was a black triangle. As it 
was necessary to vary the difficulty, using the criterion 
of Shepherd et al (1961) two values of one attribute, 
shown conjunctively were used as concept two. This 
involved all cards with a circle and a square. 

In forming the task it was decided to break the 
task into ten sub-tasks of eight cards. Within each sub- 
task it was decided to have two exemplars and six non- 
exemplars. It was recognized that there is some controversy 
on the usefulness of non-exemplars and the role that they 
play in confounding the difficulty of the task (see Smoke 
(1933), Bricker (1955) and Shore and Sechrest (1961), 
therefore the ratio was kept constant for all tasks. 

In setting each task up, the population of cards 
was divided into two groups, those cards which carried 
the relevant stimuli and those which did not. Twenty-one 
cards were selected for the exemplar groups using a table 
of random numbers, and sixty cards were selected for the 
non-exemplar group. 

For each sub-task of eight cards, a table of random 
numbers was used to randomize the position of the exemplars 
within the sub-task. Twenty of the exemplars were then 
assigned positions in the task on the basis of their order 


of selection for the group of exemplars and the non-exemplars 
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were assigned to positions in the same order. The extra 
exemplar was used as an example card. Appendix C gives the 
make-up of the tasks. 

An example task consisting of eighteen cards was 
prepared using the concept triangle. In this case seven 


exemplars and eleven non-exemplars were used. 
Iii. TESTS USED 


Holzinger-Crowder Uni-Factor Tests (1958) Form Am 

It is claimed by the authors (1958) that this test 
measures four types of mental activity: Verbal, Spatial, 
Numerical, and Reasoning. An intelligence quotient can be 
derived from these measures by referring a weighted com- 
posite score to a table provided by the publisher. 

The factorial validity is inferred from the corre- 
lations between factor scores and school achievement in 
various subject areas. The correlation between the verbal 
factor and mathematics, science, social studies, and 
English, ranges from .51 to .73. The correlation between 
the spatial factor and the above subjects is small, the 
highest relationship in this area being with industrial 
arts. The correlation between the numerical factor and 


mathematics is .53. 


Junior-Senior High School Personality Questionnaire (HSPQ) 
According to the authors, Cattell, Beloff, and Coan 


(1958) the HSPQ is a test designed to cover all major 
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dimensions involved in individual differences in per- 
sonality. This test was selected because it deals with 

a wide range of personality variables. Since rather 

little research has been done in the area of personality 
correlates of concept formation it was hoped that such a 
test would point the way for more extensive study. An 
outline of the fourteen scales is given in Table I, and 


is adapted from the test manual. 


Memory Task 


This task was designed to be used to investigate 
the role of memory in this type of concept formation task. 
An attempt was made to measure as nearly as possible the 
type of memory that could be involved in the concept 
formation tasks. 

The test consisted of six cards selected from the 
population of concept cards. The cards selected were 
numbers 8, 38, 138, 123, 10, 27. These cards were exposed 
for fifteen seconds each. Following the last exposure the 
students were required to draw the cards in the order of 
presentation. A point was given for each figure correctly 
drawn on each card. The total score therefore was eighteen. 
A further test of seven cards was given. These cards were 
numbers 6, 87, 109, 151, 95, 61, 112. Exposure was the 
same as the initial task. The students were required to 
draw the cards but the order of answering was not important. 


One point was given for each correctly drawn card. 
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TABLE I 


TITLES AND DESIGNATIONS OF THE FOURTEEN 
PERSONALITY DIMENSIONS 
—_0_—e——SsSsSaSaS a 


Variable Cattell's Popular Title 
Number Designation 
d A Stiff, Aloof - Versus - Warm, 
Sociable 
2 B Dull - Versus - Bright 
s C Emotional, Immature, Unstable 


Versus - Mature, Calm 


4 D Stodgy - Versus - Unrestrained 
B Mild - Versus - Aggressive 
6 F Sober, Serious - Versus - 


Enthusiastic, Happy-Go-Lucky 


ig G Casual, Undependable - Versus - 
Conscientious, Persistent 
8 H Shy, Sensitive - Versus - Adven- 
turous, "Thick-Skinned" 
9 ii Tough, Realistic - Versus - 
Esthetically Sensitive 
1O J Liking Group Action - Versus - 
Fastidiously Individualistic 
di} O Confident - Versus - Insecure 
12 Q2 Group Dependent - Versus - 


Individually Resourceful 


13 03 Uncontrolled, Lax - Versus - 
Controlled, Showing Will Power 


14 Q), Relaxed, Composure - Versus - 
Tense, Excitable 
Note: Adapted from Cattell, Beloff and Coan (1958, p. 6.) 
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The memory score was derived by addition of the two 
scales making a possible score of twenty-five. 

It was hoped that a test could be derived that would 
closely approximate the memory requirements of the concept 
task. This was not possible. On one hand it was decided 
that the concept may involve remembering separate figures 
on the card. The only way to test this was to make the 
order of presentation important. This eliminated guessing 
to some extent. On the other hand in the concept task it 
would not be necessary to remember the order of presenta- 
tion of the cards. For this reason the second section of 


the memory test was added. 
IV. EXPERIMENTAL PROCEDURE 


Task Presentation 
The two groups used were separated on the basis of 
classroom divisions for ease of task presentation. 

Group A was used primarily to test hypotheses one, 
two, and three. Group B was used to test hypothesis four. 
Group A was administered tasks one and three 
according to the instruction in Appendix A. Group B was 
administered tasks three and two according to the same 

instructions. 


The students were required to respond to each card 


in three ways: 


1. Indicating whether the card carried the concept. 
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2. Indicating by checking one of the shapes and 
one of the shadings which attributes they thought were 
important. 

3. Indicating how sure they were that the concept 
they had selected was correct. 

The answer sheet is included in Appendix D. 

Following the administration of each task the 
students were asked to write down what they thought the 


correct concept was. 


Analysis 
Throughout the analysis the IBM 1620 Computer of 


the University of Alberta was used to facilitate the 
computations. 

Bach task consisted of eighty responses which were 
divided into ten sub-tasks of eight consecutive responses. 
The observed score matrix for Group A was of order (10 X 23) 
and for Group B was of order (10 X 27). For each task of 
each group the score matrix was multiplied by its transpose. 
The eigenvalues and eigenvectors of the sums of squares 
and cross products matrix was found using the Householder 
method. 

The number of significant factors was calculated 
using the "Runs Test" as advocated by Weitzman (1963). 

The trial parameters was calculated according to 
formula (3). The individual weights were calculated 


according to formula (5). 
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Rotation 

The individual weights were plotted simultaneously 
for the significant factors and the axii were rotated 
orthogonally to maximize the discrimination between groups 
that appeared. This analysis was carried out entirely on 
a subjective basis. 

The trial parameters were rotated to the same 


angular distance as the individual weights. 


Test Presentation and Analysis 

The objective tests were presented at one sitting 
to Group A in the following order: Memory tests, 
Holzinger-Crowder, Personality Inventory. 

The matrix of inter-correlations between all the 
test variables and the factor loadings on the component 
curves was calculated. From this matrix certain tests 
were selected for more intensive study. The bases of 
selection were twofold, either the predictor (test) vari- 
ables correlated with one or more of the factors or it 
appeared that it could act as a suppressor variable. 

The subjects of Group A, Problem I, were divided 
into groups on the basis of their factor scores and a 
discriminant function analysis was carried out to separate 
the groups on the basis of the selected predictors. 

A canonical correlation was carried out using the 
method outlined in Cooley and Lohnes (1962). This was 


done in order to determine the relationship between the 
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29 
predictor variables and the factor scores. 

For Group A, inter-correlations between factor 
scores for problems one and two were calculated to aid 
in the determination of the effect of transfer. To this 
end also a descriptive investigation of the "sureness" 
and "method" of concept attainment was carried out using 
the information on the answer sheets that indicated which 
attributes the subject deemed important, and how sure he 
was of the correct answer. 

The relationship between task difficulty and com- 
plexity of the component curves was investigated descrip- 
tively using the "sureness" responses to the cards. The 
number of component curves necessary for each problem was 


calculated and the shape of the curves compared. 
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CHAPTER V 
THE RESULTS 


The matrices of sub-task scores are given in 
Tables XIV, XV, XVI, and XVII of Appendix E. The first 
five eigenvalues and their associated vectors are given 
in Tables XVIII, XIX, XX, and XXI of Appendix E. 

Table II shows the calculations for the runs tests 
to determine the number of significant factors. The cal- 
culations were made on the basis of the signs of the 
elements in each eigenvector. Only those eigenvectors 
that showed a significant non-random trend were chosen. 
Tables found in Seigel (1956) were used to assess the 
significance. 

From Table II, it can be seen two component curves 
are necessary for an approximation of the score matrices 
for Group A, while only one curve is necessary for each 
problem of Group B. 

The unrotated loadings for the curves are tabulated 
in Tables XII, XIII, XIV, and XV of Appendix E and the 
associated individual loadings are given in Tables XVI, 
XVII, III,and IV. 

The unrotated reference curves were constructed 
from the unrotated loadings and appear in Figures l, 2, 


3, 4, 5, 6, 7, 8, 9, and 10. In each case one more than 
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31 
the necessary number has been drawn for comparison. 

For Group A, the curves were rotated in an effort 
to maximize the discrimination between the groups that 
appeared. Figure 11 shows a plot of the individual load- 
ings on the two component curves for problem one. 
Similarly, Figure 12 shows the plot for problem two. 

The dotted lines indicate the directions of the rotated 
axii. 

For problem one an angular rotation of 34.5 degrees 
appeared to give an optimum separation between individuals, 
whereas for problem two 41.5 degrees seemed appropriate. 

The rotated reference curves are plotted in 
Figures 13,14,15,!6 Since neither problem in Group B re- 
quired more than one curve rotation was not possible. 
Individual loadings on the rotated curves are given in 
Tables V and VI. 

As a means of finding out whether individuals could 
be separated on the basis of their loadings on the com- 
ponent curves, they were placed into groups and Hotelling's 
T* (Winer 1962) test was used to determine if the groups 
were significantly different with respect to individual 
loadings. All subjects who did not attain the concept were 
placed in group three. All other subjects were placed into 
groups one or two depending on which curve they loaded more 


highly on. The group membership is given in Tables V and 


VI. 
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TABLE II 


CALCULATION OF RUNS TESTS FOR DETERMINATION 
OF THE NUMBER OF SIGNIFICANT CURVES 


Group A 
Problem 1 Problem 2 
Vector Vector 
ane ee wee ene ee ce 
Runs ioe 3 Bae Runs Oe 3. sO 
n1* 10 567 5 Nl 10 75 5 5 
N2 Oy ve dees Be N2 Aa, co) oe. 
Significance .05.05NS N.S NS Significance .05 .05 NSN.S NS 
Group B 
Problem 1 Problem 2 
Vector Vector 
1 P 3 4 > ] Z 3 4 =" 
Runs i 5 A 7 4 Runs 1 3 6 g 8 
n1™ Bou kes Chose ce JM 10 6 6 5 6 
N2 @) 6 3 4 4 N2 O L, A 5 h 


Signif- ra 
icance .05 N.S N.S N.S N.S. Significance .05 N.S N.S N.S N.S 


ca Lc TE LT TT TA 
Ses ten ec PRT EEE 


&Nl1 is the number of positive elements in the 
eigenvector. 


N2 is the number of negative elements in the 
eigenvector. 
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Figure 1 


First Unrotated Component Curve, Group A, Problem One 
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Figure 2 


second Unrotated Component Curve, Group A, Problem One 
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Figure 3 


Third Unrotated Component curve, Group A, Problem One 
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Figure 4 


First Unrotated Component Curve, Group A, Problem Two 
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Figure 5 


Second Unrotated Component Curve, Group A, Problem Two 
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Figure 6 


Third Unrotated Reference Curve, Group A, Problem Two 
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First Reference Curve, Group B, Problem One 
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Figure 8 


Second Reference Curve, Group B, Problem One 
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TABLE III 


UNROTATED INDIVIDUAL LOADINGS, GROUP B 
PROBLEM ONE 


Individual 
af 669 
2 LoLoe 
3 Ja} 
4 .676 
5 1.056 
6 S54 
7 d a Ee 
8 883 
9 Lay 
10 1.200 
Lt. 619 
12 Leal 
13 LOeL 
rh dee dbp he 
LS 1.099 
16 Li. La&k 
Ly Led 
18 dott 
19 Lees 
20 i sees 
ot Jie dee 
22 862 
23 1.088 
24 0577 
25 152 
26 41390 
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First Reference Curve, Group B, Problem Two 


40 


dvotdue . we 


g ee 7 
ow? cise bie ai 69 ; 


GPS SUING Fee Fe, -« h-hh Aree 


subtask 


Figure 10 


Second Reference Curve, Group B, Problem Two 
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TABLE IV 


UNROTATED INDIVIDUAL LOADINGS, GROUP B 
PROBLEM TWO 


Individual 
1 La? 
2 1.299 
2 ~ 992 
4 853 
5 823 
6 1.089 
7 929 
8 1.108 
2 .690 
10 999 
Li LL 7 
12 910 
sie deh 
14 927 
15 ILI 
16 963 
7 OL 
18 848 
19 988 
20 1.129 
ek . 866 
Le ir 6) 
as ~ 740 
2h -990 
25 1.281 
26 1.007 
27 . 809 
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Interfactor Loadings, Group A, Problem One 
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Interfactor Loadings, Group A, Problem Two 
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Second Rotated Reference Curve, Group A, Problem One 
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TABLE V 


INDIVIDUAL LOADINGS ON ROTATED REFERENCE CURVES 
GROUP A 
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First Rotated Reference Curve, Group A, Problem Two 
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Second Rotated Reference Curve, Group A, Problem Two 
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TABLE VI 


INDIVIDUAL LOADINGS ON ROTATED REFERENCE CURVES, 
GROUP A 


Individual 
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49 
The value of T was 50.24 whereas the value 
necessary for significance is only 14.41. Therefore it 
may be assumed that the two groups differ with respect 
to their loadings on the component curves. 
A descriptive investigation of individuals who 
loaded highly on either curve was conducted to aid in the 


description of the component curves. 


If the individual correctly identified the concept 
using the shape and shading portions of the answer sheet, 
and if he indicated that he was sure that he had attained 
the correct concept, then it was assumed that he had 
attained the concept on the card where these conditions 
were both met. 

Subject 2, (loading 1.60) named the correct concept 
on the third card. This subject seemed to select a concept 
and maintain it until it was disproven. 

Subject 5, (loading 1.29) named the correct concept 
on the eleventh card. This subject appeared to consider 
shapes and shades independently. 

Subject 7, (loading 1.24) named the correct concept 
on the ninth card. He worked with shapes and shades inde- 
pendently. He hypothesized each attribute of the card and 
then put them together on the ninth card. 


Subject 9, (loading 1.60) performed the same as 


subject 2. 
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Subject 10, (loading 1.53) hypothesized the concept 
on the fifth card but did not stick with it. He returned 
to it on the twelfth card. 

Subject 19, (loading 1.60) did not solve the prob- 
lem, although he hypothesized it several times (cards 3, 
5, 24, 29). During the first three subtasks this seemed 
to be narrowing the concept down to the correct shading 
attribute but could not seem to connect it with the correct 
shape. 

From these descriptions, curve one appears to be an 
efficient learning curve. Individuals who loaded highly 
on it, were individuals who attained the concept quickly. 
In addition, Curve one appears to be related to failure 
to attain the concept. All individuals in this category 
hawweiriy high (1.20, 1.03, .80, 1.00, «/3) loadings on 
this curve. All these people seemed to be narrowing 
down the number of alternatives quite well but could not 
put the correct concept together. Therefore this curve 


is more accurately defined as an early efficiency curve. 


eee SS eee eee OC =" 


Subject 11, (loading 1.71) attained the concept at 
about the sixty-fifth exemplar. In the first subtask the 
subject appeared to have solved the shading part of the 
problem but could not connect this with the correct shape. 


Thereafter he seemed to be guessing. 
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Subject 13, (loading 2.36) hypothesized the correct 
solution on the eighth card but did not stick to the 
correct combination until the fortieth card. 

Subject 15, (loading 1.63) correctly identified the 
concept at the sixtieth card. This subject seemed to be 
selecting several hypotheses simultaneously and trying to 
discard those that were disproven. Eventually he selected 
the correct shading attribute but did not connect it to 
the correct shape until later. 

Subject 17, (loading 1.33) was very similar to 
subject 15. 

Curve two appears to be characterized by less 
efficient learning. By less efficient it is meant that 
the less efficient individuals reject an hypothesis even 
though the exemplars are not infirming. Individuals in 
group two appear to have difficulty in putting shape 
attributes and shade attributes together. 

In examining the rotated curves for problem one 
(figures 13 and 14), the first curve shows a rapid rise 
indicating early efficiency, then a slight drop-off 
toward the end. This latter characteristic is likely 
related to the high loadings of the individuals who did 
not solve the problem. 

Curve two is characterized by very little change 
prior to the fifth subtask and a very rapid rise to the 


sixth subtask. This curve indicates less efficient 
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yr 
learning. The drop in the curve between subtasks two and 
five may arise as a result of individuals finding it 
necessary to overcome some set. On the other hand this 
may be a function of differential difficulty in the sub- 
task, as no attempt was made to equalize the amount of 
new information in each subtask. As was seen by the 
description above many of the individuals who loaded 
highly on the second curve had such a difficulty inasmuch 


as they looked at only one attribute at a time. 


The Relationship Between Groups, Personality Variables 
and Cognitive Variables 


The table of intercorrelations among the individual 
loadings, the cognitive variables and the personality 
variables is given in Table VII. Since only a few sub- 
jects were involved in computing the correlations, a 
correlation of .40 was necessary to be significantly dif- 
ferent from zero. The only significant correlation found 
between the predictor variables (personality and cogni- 
tive variables) and the loadings on the component curves, 
was that found between the individual loadings on the 
second curve and the controlled versus uncontrolled scale 
of the H.S.P.Q. This was a correlation of -.524. The 
correlation of the same scale with loadings on the first 
curve was almost significant (.324). Variable 13 or Q3 


as it is designated by the authors is described by the 
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authors (Cattell, Beloff, and Coan (1958, p. 37) as 
follows: 

The loaded response items show the child high 

on Q2 as self-controlled, striving to accept 

approved ethical standards, ambitious to do 

well, considerate of others, foresighted, dis- 

posed to reduce and control expression of 

emotion, and conscientious. 

Its negative correlation with loadings on the 
second curve could be explained in terms of the indivi- 
dual's desire to do well in the task. The subjects who 
loaded highly on the second curve may have been inclined 
to take the task less seriously than the subjects who 
loaded highly on the first curve. This could also be 
explained in terms of flexibility. Those loading highly 
on curve two being more flexible and perhaps searching 
for alternate solutions. 

The generally low correlations that occurred 
between the predictors and loadings on curve one may be 
a result of high loadings being attained by those who 
solved the problem most efficiently as well as those who 
did not solve the problem. 

Several variables were selected for further study. 
These variables were selected on the following bases, 
either relatively high absolute correlation with either 
of the curves, or low correlations with the curves but 
high correlation with none of the previously selected 


variables. The variables that were selected and the 


reasons for selection are given below. 
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Variable 16 
HSPQ A 096 
HSFQ 5 -225 
HSPQ © 334 
HSPQ D OL0 
HSPQ 5 063 
HSPQ F 376 
HSPQ G -157 
HOSP 6H 420 
Hori car -145 
HSPQ.3 518 
Hore. 0 -278 
HSPQ Q5 ay 
HSPQ Q3 -129 
HSPQ Q) O49 
H.C. Verbal 288 
Hic. Spatial soo 
H.C. Numerical 
H.C. Reasoning 
Memory 
Curve I 
Curve II 


TABLE VII (continued) 
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Variable two was selected on the basis of a relatively 
high correlation with the second curve. This variable is the 
dull-bright scale of the H.S.P.Q. 

Variable three was selected as a suppressor variable 
for variable two. 

Variables six and fifteen were selected as suppres- 
sors for variable thirteen. 

Variable nine was originally selected as a predictor 
variable but subsequent computations indicated that a 
clerical error had been made in the correlation figures result- 
ing in variable nine not being important for any reason. 

Variable thirteen was selected as a predictor variable. 

Variables sixteen, eighteen, and nineteen showed some 
indications of being predictor variables on the basis of 
above average correlations with the curves, although none 
were Significantly different from zero. It was felt that 
under conditions where the group three subjects were treated 
separately these variables might be more important. 

Table VIII is a part of Table VII but is included for 
clarity to show the intercorrelations among the selected 
variables. 

The canonical correlation coefficient was computed 
between the selected variables and the individual loadings 
on the component curves of the first problem. Calculations 
were made using the procedure outlined in Cooley and Lohnes 
(1962, p.36). The first canonical correlations was found to 
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Using procedures outlined in Bartlett (1941, 1947), 
the significance of the canonical correlation was determined. 
In this procedure A is calculated using the formula 6, 
where A is the canonical correlation squared, and i varies 
from one to the lesser of, the number of predictors or the 


number of criteria. A =  !! . fad. -)) Pegs (6) 


The distribution of A is approximated by ans dis- 


tribution where x’ 


= -(N -.5 p + q +41) 1nA, with pq 
degrees of freedom. 

The first canonical correlation was .770, and the 
second was .599. Using the above formula, |\ was found to 
be .2608, resulting in a X* of 22.90. This was found to be 
significant only at the .20 level. 

Because of the small number of subjects, and because 
of the problem mentioned previously of high loadings of 
those who did not solve the concept task, this dubiously 
significant correlation may provide indications for future 
study. 

The weights assigned to the variables are given in 
Table IX. 

The most important predictor variables appear to be 
variables 13, 6, and 18. Variable 13 has been described 
previously. The dimensions of variable 6 have been des- 
cribed by Cattell, Beloff and Coan (1958, p. 30) as: 
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TABLE VIII 


INTERCORRELATIONS AMONG SELECTED PREDICTORS 
AND INDIVIDUAL LOADINGS% 


(N = 23) 


Variable 
2 3 6 g a We Ls 16 18 19 20 Zi. 


HSPQ B -367 -O44 101 -470 3h2-—~-a225—158-~-114 214 Say. 


HSPQ C -Oll 026 O80 -O14 334 201°°229 -036 -082 
HSPQ F 124 -436 L408 376 —LE5~ 201 105 -O41 
HSPQ 1 -096 200 -145 211 055 -064 032 
HSPQ Q3 -486 -129 -206 -389 324 -512 
HC Verbal 288 584 298 086 026 
HC Spatial O78"8976 227  =221 
HC Reasoning 556 259 -189 
Memory 29h, -169 
Curve iL | -930 
Curve II a 
x 


Decimals have been omitted. 
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TABLE IX 


VARIABLE WEIGHTS FOR MAXIMUM CANONICAL 
CORRELATION PREDICTORS 


Variable Weight 
2 -.107 
i -.009 
6 -.398 
9 -.002 

13 -. 783 

15 e135 
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19 -.020 
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Depressed vs. Cheerful 
Incommunicative, Sticks 
to Inner Values vs. Frank, Expressive 
Mercurial 
Languid, Slow vs. Quick and Alert 


This variable seems to be related to an introversion- 
extraversion dimension. 

Variable 18 is the Reasoning Scale of the Holzinger- 
Crowder Unifactor Test. 

Because these variables have negative weights, and 
because the second component curve is weighted more heavily 
than the first, one is left with the tentative conclusion 
that the less efficient problem solvers tend to be more 
introverted, less conscientious, and the poorer reasoners 
than the more efficient problem solvers. It must be kept 
in mind, however, that these conclusions can be treated 
only as indications. 

To overcome the difficulty of the subjects who did 
not solve the problem a discriminant function was calcu- 
lated to determine what variables were important in 
distinguishing between these groups. Unfortunately, the 
number of subjects in each group is too small to draw any 
absolute conclusions. 

A stepwise procedure was used in which the variable 
which contributed least to the discriminant function was 
removed at that step. In this way the multiple correla- 


tion between the predictors and the function was calculated, 
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61 
and the significance tested. Table X shows the coef- 
ficients of each variable in the function as well as the 
multiple correlation and the level of significance. 

Table XVIII in Appendix G shows the variance-covariance 
matrix. For further analysis the variables involved at 
the sixth step were used. This decision was made in an 
effort to bring about a compromise between high correlation 
on one hand and as few as possible predictors on the other. 

The variables selected were 6, 13, 18, and 19. 

Three of these have been described previously and were of 
importance in the canonical correlation. The fourth, the 
memory test, is described in detail in chapter three. 

The means of the variables for each group are 
given in Table XI. It can be seen that the means of 
Group one are higher than the means of Group two in all 
areas except variables two and three. 

The difference between the two groups on the basis 
of the four selected variables was tested using Hotelling's 
T* test. The observed value of T* was 6.54. The value of 
T~ required for significance at the .05 level is 15.65. 

It can therefore be concluded that the two groups can not 


be separated with any degree of accuracy. 


Results: Transfer 
In attempting to determine the role of transfer in 
this study, two aspects seem to be important. The first 


important factor is the shape of the component curve, and 
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TABLE X 


TABLE OF COEFFICIENTS AND MULTIPLE CORRELATIONS AT 
EACH STEP OF THE DISCRIMINANT FUNCTION 


Step Variable Coefficients aie 
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TABLE XI 


MEANS OF VARIABLES SELECTED FOR 


Variable 


R2 


DISCRIMINATION FUNCTION 


Group One Mean 
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64 
the second is the membership of the groups defined by the 
component curves. 

If transfer occurs one would expect that the shapes 
of the curves in problem two would tend to have greater 
initial acceleration than the corresponding curves in 
problem one. The reason for this being, that in the second 
task the individuals would neither have to become familiar 
with the task nor would they have to search for ways to 
solve it. Furthermore, transfer should be indicated by 
change in group membership, that is, a change from high 
loadings on less-efficient curves to high loadings on more 
efficient curves. In either case the transfer should 
result in an increase in efficiency of problem solution. 

In problem one the first rotated reference curve 
(figure 9) reaches a peak on the third subtask, whereas 
in problem two (figure 11) the curve attains a peak in the 
second subtask. The second curve (figure 10) in problem 
one does not begin to rise until the fifth subtask, but 
the corresponding curve (figure 12) in problem two accel- 
erates from the first to the fourth subtask. In problem 
one the first curve undergoes fluctuation in the last five 
subtasks whereas the first curve in the second subtask is 
steadier. This seems to indicate that the curve shapes in 
problem two are representing more efficient learning 
processes. 


Hunka (1961) suggests a technique for investigating 
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TABLE XII 


INTERCORRELATIONS BETWEEN INDIVIDUAL LOADINGS ON 


THE TWO COMPONENT CURVES FOR PROBLEMS 
ONE AND TWO OF GROUP A 


Problem One Problem Two 
a ime i 
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66 
the role of transfer by calculating the intercorrelations 
between factor loadings for both problems. Table XII gives 
these intercorrelations. 

Table XII indicates that the loadings on the second 
component curves for each problem have a low positive 
correlation (significantly different from zero at the .10 
level). ‘This as well as the'non-significant correlation 
for the first curves would indicate that the loadings of 
the subjects are changing from the first problem to the 
second. With this in mind the subjects were investigated 
on the basis of the groups defined in Tables V and VI. 

Table XIII indicates the group membership in the 
problems. Transfer would be indicated by a change in 
group membership from a less efficient curve to a more 
efficient curve, that is from group three to groups one 
or two, or from group two to group one. Transfer would 
be also indicated by maintaining membership in either group 
two or group one, because the curves themselves indicate 
increase in efficiency. 

Using this as a criterion for transfer seventeen of 
the twenty-three subjects indicated that transfer had 
occurred. 

In looking at the original data to check the 
validity of this conclusion, it is noted that in problem 
two eighteen subjects had perfect subtask scores as early 


as the fourth subtask twelve of whom had perfect scores 
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as early as the second subtask. The corresponding 
figures for problem one were eight and three. This seems 
to indicate that either the concept task for problem two 
was easier than for problem one or that a "learning how 
to learn" effect had occurred. The former conclusion is 
discarded on the basis of research in the area of concept 
difficulty, wherein difficulty was found to be a function 
of the number of relevant attributes, implying that the 


tasks were of equal difficulty. 


Results: Task Difficulty 

Group B was used exclusively to investigate the 
relationship between difficulty and complexity. The 
results are inconclusive. 

In problem one, nineteen of twenty-seven subjects 
solved the concept problem, whereas in problem two only 
two attained the concept neither of whom solved problem 
one. 

It was hypothesized that the component curves for 
problem two would be more complex than for problem one 
either from the point of view of number or of shape. It 
was found that only one curve was significant for each 
problem. Some slight support is given the hypothesis on 
examination of Figures 7 and 9. The curve of the second 
problem (figure 9) appears to have more pronounced irregu- 
larities than that of the first problem. The general 


shape in both cases appears to be very similar. 
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TABLE XIII 


NUMBER OF SUBJECTS IN GROUP A DISTRIBUTED 
ACCORDING TO GROUP MEMBERSHIP IN 
PROBLEM ONE AND PROBLEM TWO 


Problem Two 


Group 
1 2 3 Total 
Problem a g 3 O be 
One rs 2 4 i 7 
3 2 2 5 
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The problem with this portion of the study lies 

in the fact that the second problem was too difficult 
for the subjects. Therefore the results must be classi- 


fied as inconclusive. 
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CHAPTER VI 
SUMMARY OF FINDINGS AND IMPLICATIONS FOR FUTURE RESEARCH 


Matrices of sums of squares and cross-products 
resulting from Brunerian type concept tasks were analyzed 
into component curves using the method developed by 
Tucker (1960). On one task the individuals were grouped 
on the basis of their factor loadings. The relationship 
between these loadings and selected cognitive and person- 
ality variables was investigated. 

Results of a second concept task were compared to 
the first task to see if transfer of training occurred. 

An investigation was conducted into the relation- 


ship between task difficulty and component curve complexity. 


Results 

Hypothesis one: It was found that individuals 
could be divided into groups according to their loadings 
on component curves. The success of this classification 
is dependent on the tasks being of optimum difficulty. 
In the present study the groups could be described as more 
efficient and less efficient. 

Hypothesis two: It was found that the groups thus 
classified did not differ significantly on the variables 
selected. It was thought that this may be partially a 


result of the small sample. Within the limits ofthe study 
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71 
three variables seemed important. The more efficient 
problem solvers seemed to be more anxious to do well, 
they seemed to be better reasoners, and they seemed to 
be somewhat more extroverted than the less efficient 
problem solvers. 

Hypothesis three: The component curves indicated 
a learning how to learn function inasmuch as curves on 
the second problem reached their maxima much earlier than 
curves on the first problem. This was verified by com- 
parison with the score matrices. 

Hypothesis four: The relationship between task 
difficulty and curve complexity was not determined although 
there were indications that as the task became more dif- 


ficult the curves became more complex. 
IMPLICATIONS FOR FURTHER RESEARCH 


General Implications 

The importance of this study has been in its demon- 
stration of the application of component curve analysis 
and multivariate techniques to concept formation. Inasmuch 
as the small sample made the results inconclusive, replica- 
tion is in order. 

Certain of the variables selected for investigation 
such as many of the HSPQ variables might very well be 
dropped, and better measures of others used. Such vari- 
ables as introversion-extraversion and attitudes towards 


school may be important. In any event an effort should 
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be made to use personality tests specifically designed to 
test one aspect. Reasoning tests should be considered in 
finer divisions to discover the role played by reasoning. 

The concept task itself should be analyzed in terms 
of information theory to ensure the standardization of 
difficulty. The amount of new information presented 
with each stimulus should be made known making it possible 
to analyze concept formation and problem solving in terms 
of information used as well as information presented. 
The score for an individual might be expressed in terms 
of information used per unit amount of information given. 
The component curves thus derived may be more useful than 


those obtained from a simple score matrix. 


This study was, in part, an attempt to adapt a new 
technique to a new problem. The component curve tech- 
nique of analyzing the learning process wouls seem to be 
particularly applicable in learning situations consisting 
of discrete learning experiences. An example of such a 
situation may arise in the learning of a motor skill. 

The technique would also seem important in situa- 
tions where the classification of individuals on the basis 
of different ways of learning is necessary. Because the 
classification is determined by the rotation of the com- 
ponent curves, a recent paper by Cliff (1962) discussing 
the analytic rotation of factors to a functional relation- 


ship, may be important. 
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APPENDIX A 


tions for Tasks 

| I am going to show you some cards. On these cards 
triangles, circles, and squares {drew on blackboard 

ape ghow some examples). Some of these shapes ars white, 

sone are black and some are shaded (draw on biackboard 

a enn éxamples), ; 

7 , es *” Some of the carda that 1 will show you are "yes" 

bards Gnd some are "no" cards, 1 want you to find out 

 Whish are yes catia. An example of a fee cara might be 

any Bard with @ blecy pipueey prreel eardg with @ circle. 

- Se*”  Potice that the cosition of the figure on the 


card is not important The only impertant things are shape 
and color, 

, BH" “hook, sow, at the answer sheet, Tou will novice 

» hte ens are picks for eiehty anewers. Whet we shall 
ders this: tf shall é4now you 4 card which is a yes Sard, 
sy in shall show you ancther card. If you think that it 
yes card, put an X In the box under Ys for question 
If you think it {s & nu card, put an % In the box 


" 
Ss 
NO’ for quevtion one. Moext to the YBS and NO boxes 

Pe wAIT dee A’ triangle, 4 circle, and 4 square, S180's 
jape, a shaded snaps, and o white shepe, If you 

yas Garis fave something to do with triangles 
‘the triungle. If you think that yes 
to Go with shaded equares pul & stroke 7 
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APPENDIX A 


Instructions for Tasks 

I am going to show you some cards. On these cards 
are triangles, circles, and squares (draw on blackboard 
and show some examples). Some of these shapes are white, 
some are black and some are shaded (draw on blackboard 
and show examples). 

Some of the cards that I will show you are "yes" 
cards and some are "no" cards. I want you to find out 
which are yes cards. An example of a yes card might be 
any card with a black figure, or all cards with a circle. 

Notice that the position of the figure on the 
card is not important. The only important things are shape 
and color. 

Look, now, at the answer sheet. You will notice 
that there are spaces for eighty answers. What we shall 
do is this: I shall show you a card which is a yes card, 
then I shall show you another card. If you think that it 
is a yes card, put an X in the box under YES for question 
one. If you think it is a no card, put an X in the box 
under NO for question one. Next to the YES and NO boxes 
you will see a triangle, a circle, and a square, also a 
black shape, a shaded shape, and a white shape. If you 
think that yes cards have something to do with triangles 
put a stroke through the triangle. If you think that yes 


cards have something to do with shaded squares put a stroke 
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81 
through the shaded shape and through the square. If you 
can't decide whether yes cards have something to do with 
squares or circles, put a stroke through both. 

Disregard the numbers l, 2, 3. 

Finally, there is a line at the top of the page on 
the top line. It says DON'T on the left, QUITE in the 

KNOW SURE 
middle and VERY on the right. This is to show me how sure 
you are of ee up a "yes" card. If you don't have 
any idea then put a small x on the line at the left end. 
As you catch on to what makes a "yes" card you should put 
the x nearer the centre of the line. When you are sure 
that you have the correct answer then put it on the right 
side. 

After you have marked in your answer for a partic- 
ular card then I shall give you the correct answer. Once 
you are absolutely sure that you have the correct answer 
then you need not mark on the shapes, shades, or line any- 
more. If, however, you decide later on that you did not 
have the correct answer then you should start marking the 
answer sheet again. For every card you must make a mark 
in the YES box or the NO box. 

Are there any questions? (Answer questions and 
re-explain if necessary. ) 


Here is an example to do. You will have about 


fifteen seconds to do each card. 
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APPENDIX 85 . 
THE POPULATION OF CARDS 
Ee 
tu er Circle ‘Triangle Square Womter Square Square Square 
a a » 4 4 ‘ W ¥. 
7% W 4 $ a W ss 
sé 3 W 3 W 2 5 S y 
a. @ S , 9 LJ 1 g a 
ma) > 3 W 9 a id 3 ‘J 
y y - . “3 g . W 
if 7 s bd ‘ S q 
7 : a W ) P| s 5 
£9 3 We 5 f f 
7 ~ PLO E ‘ ed f re 5 
Jie: W 
=) “y2 S ‘ re ci s Circle 
. @y 5 4 8 r d . 
; 4 y i T* W ] 3 ay « a Ss 
3 W qj ry 
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: B a iW W 
5 3 a W 
n t 4 %4 og 3 
S aoPPE MD IX +e SB 3 S 
5 S } 56 5 i) S 
5 B a 5? i “ 2 
B 5 3 
a 5 B Circlé Triangle Triangle 
B S : 55 W ie 
S + § é fe 
p “4 # 5 W 7 
ei 61 @ & 8 
Thiangzle Triangie Triangle 52 5 5 W 
¥ 4 c 3 Ny $ ty 
] “ $ OG g ¥y i 
$ § Ww 65 Ww 5 f 
w $ a 64 2 ¥ W : 
B Wy w 67 W 4 ¥ 
B E s O8 5 al W | 
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3 B n) 72 3 B : 
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APPENDIX B 
THE POPULATION OF CARDS 


SHAPE 
Number Circle Triangle Square Number Square Square Square 
uF we W W 38 W W W 
2 W W S 39 W W S 
3 W S W 1,0 3 S W 
L 5 W W Al W S B 
5 W 5 S 42 B B W 
6 S W Ss 43 B W W 
7 S S W Lk S Ss S 
8 W B S 45 B S Ss 
9 S W B L6 S B B 
10 B W S 47 B B B 
rts W S B 
12 i) B W Circle Circle Circle 
13 B S W L8 W W W 
14 W W B 49 W W S 
15 W B W 50 S S W 
16 B W W 51 W S B 
Ve B B W 52 B W W 
18 B W B a5 B B W 
19 W B B 5h S S S 
20 S S S 55 B S S 
oe S S B 56 B B S 
22 S B S DY B B B 
23 B S 5 
2h B B S Circle Triangle Triangle 
25 B 5 B 58 W W W 
26 S B B 59 S W W 
CM B B B 60 W S W 
61 W S S 
Triangle Triangle Triangle 62 S S W 
28 W W W 63 B S W 
ne W W S 64 S B W 
30 S 5 W 65 W S B 
BRL W S B 66 B W W 
ae B W W 67 W B W 
33 B B W 68 B B W 
oh S 8 Ss 69 W B B 
se B S S 70 S S S 
36 S B B hae B S S 
ae B B B 72 Ss S B 
73 S B B 
7h B B S 
72 B B B 


hy stands for white 
B stands for black 
S stands for striped 
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Square Triangle Triangle 


W W W 
S W W 
W S W 
S S W 
W S S 
B S W 
S W W 
W B ) 
B W W 
W B W 
B B W 
W B B 
S S S 
B S S 
S B S 
S B B 
B S B 
B B B 
Triangle Circle Circle 
W W W 
S W W 
W S W 
W S S 
S S W 
B S W 
S B W 
W S B 
B W W 
W B W 
B B B 
W B B 
S S S 
B S S 
Ss B S 
S B B 
B B S 
B B B 
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EXAMPLES OF CARDS 


CARD NUMBER 8 


CARD NUMBER 79 
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APPENDIX C 
THE TASKS 


The card numbers are the numbers defined in the population 
of Appendix B. 


Example Problem - A Triangle 


Example 39 

1 158 7 148 13. («17% 

2 76% 62 135 12 130 

3 161 9 163 15 148 

h 162 10, 164 16 153 

5 125% ll 188 195 64% 

6 78 136 She 18 104 

Task One, A Shaded Square - Example #8 

38 246 53 hl = 24 61 19 

8148 oo 12 be 15g 62 32 
3 10% 23 135 43 40 63 iis 
hak 123 24 131% higG1h,7 6, 2 

5 121% 25 63 45 99 65 154, 
6 27 26 13 L6 5h 66 150 
7 61 27 6 1,7 17 67 98 
ae 28% 109 48 30 68 110 
9 133% 29 6 LQ 125% 69 16 
10 50 30 43=— 887 505 ke 70 130 
ll 152™ 3368 17 516 97 716 70 
i2 8 327 «158% 52 93 72 110, 
18. Lhe 348. 134 53) 768 15 
14 7 34 94 5k 102 7h 79 
1, Ys 35 Ils 55 105 75 
16 «8h 36088 56 3 76. 1h 
did 6 a7 7h 57 159 77 35 
18 108 38 2 a3 os i it 
19 det 39 a 
20 68 LO 45% 60 69 80 56 

ik 


Indicates that the card is an exemplar. 


QHeaY aHT 
notjafucoq edt si beattebd exedmn off ove at 


* 


Ad) 

“A 

be 
OF-3 G-re t- r: 
hae Re Be Rea ko 

ov 

ts 

2 

Load 


ef fe “is fy e@ 4S 
Se So , ed mY si 8688 
en) CG ag sii A res £s 
£ Ac Ta AeA Were Py 
aed a) oe re ee) S 
Roz, | ak de a Ev & 
| 2 TA ONG oN ea 
imi 8a OF Gu) POL 
a Rest 6G o ‘SS 
Off OF Si Oe Té Of 
oY 1 v¢ L< an 


ew 
" 
4 
7} 
/G 
7 “Lu ; 
4 ke — | 
Cw 7 Out 
WTS TU EV SU ry Pure ru 
nase 
C3e 
7 Rinne 


ao 
fu 
oO 
@ 
ro! 
&> 


).: 
: Hf . if = : 

dee cay | ae _ 
weiqmexe as et Sioa ent i ati thal 


Task 2, A circle and a Square - Example #16 


125 ibe cOF 4l 90 61 59 

2 34 4 22093 | 42 9k 62 37 

Sore-155 sce me ich is ST 386 63° 11 

4 100 oh 417 Lip Bk 64 13 

Fee he 1. 25 119 45 75 65 46 

6 40 26 gl L6 64 66 47 

7 15m iy ae 47 118 67 60 

Se ge aS he Le? 316 68 160% 

9 35 29 197 L957 69 137 
stew iy 30 50 157% 70 70 
ll 69 Sl ° 139 51 87 aie 31 
ie. wale ee Sn 5S. 120 79 102 
13 4g Sa.° 76h, 53 66 73, «12 
1, 8 3455 54 85 7h 19 
15 62 35 128 55 141% 75 126 
16 22m 36 ©1110 56 6 6 32 
Wie wey: Dee ee 57 «56 77 17% 
18 7 38 a 58 12 78 101 
igre. 7 39 23 59-20 79 33 
Seas 3 10 120 60 99 80 77 


06 21 59 hl 17® 61 37% 
2 89 22 32m he. 6 62 130 
Fae 15 23 64m 43 60 63 109 
iM 15 2h ap, Ad Fe) 64 63 
5 36 25 66 45 «Bh 65 226 
6 159 26 115 Les Tis 66 140 
if 19 a7 38 1,7 56 67 92 
Soe 128 28 77% 48 27m 68 123 
9 156 29 126 h9 719 k 69 136 
1 ae BO. W110 50 129 70 371 
ieee lis ay 510146 7) 5) 
eo ia 32 65m ee ‘Pee 
ioe or B35 ley eee ts (eee: 
aS 14 3h 23 54 ve 7h Zt, 
BS 15 35 98 >» 10 75 99 
16 69% 36 ©=26% 56 10 76 163, 
ay 139 37 103 57 82 at tee 
18 Ok 380—S ss «18 58 121 78 = «81 
19 39 ihe 59 29 79 147 
20 95 40 28 60 151 80 7 


kindicates that the card is an exemplar. 
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TABLE XIV 


SCORE MATRIX, GROUP A, PROBLEM ONE 
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TABLE XV 


SCORE MATRIX, GROUP A, PROBLEM Tw0O 
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SCORE MATRIX, GROUP B, PROBLEM ONE 
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TABLE XVII 


SCORE MATRIX, GROUP B, PROBLEM TWO 
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TABLE XVIII 


FIRST FIVE EIGENVALUES AND EIGENVECTORS 
GROUP A, PROBLEM ONE 
EIGENVECTORS 


.198 -.192 - 400 2328 -.054 
A ae i -.273 ~ 580 -.619 me isyh 
.268 -.401 O94 134 -.617 
33 - 48h -.272 .078 418 
299 -.335 ae ye Ver sULU 
329 239 -.238 -.533 -.3h2 
307 12 -.023 -.065 wba 
«361: 288 O41 090 -.050 
«302 hye] 129 402 -.239 
. 360 55 096 . 166 473 


Eigenvalue 9393.43 171 a 88.32 56.96 47.08 


TABLE XIX 


FIRST FIVE EIGENVALUES AND EIGENVECTORS 
| GROUP A, PROBLEM TWO 


e257 =s055 599 -.21h 2.8 
291 -.590 ~ 472 .058 = 5537 
309 =-.138 eek 472 .671 
324 ALS? -.099 -.260 -.O47 
322 . USF eae =, 001 258 
328 . 208 -.064 -.171 =-.110 
331 120 310 276 035 
cee: 202 203 415 -.338 
331 195 .003 -.108 = 129 
329 165 ~201 099 015 

Eigenvalue 12241.73 76.46 52.48 18.18 7% 
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TABLE XX 


FIRST FIVE EIGENVALUES AND EIGENVECTORS 
GROUP B, PROBLEM ONE 


EIGENVECTORS 
183 -.597 631 -.172 21,3 
295 Lok Leo y331 417 
310 360 MARY ge -.398 =, O51 
Ch iy el ssieG Pie he A -.358 
238 183 ite =eL 5, 185 
a Pats 310 105 = Lb 348 
~ 342 =, 206 567 2.208 120 
339 -.110 395 - L106 082 
332 a eed =. -090 ae LL ae fo 
338 ee =e LAL -.OL0 nog 1? AE 
Eigenvalues 12194.22 81.18 51.50 46.37 31.05 
TABLE XXI 


FIRST FIVE EIGENVALUES AND EIGENVECTORS 
GROUP B, PROBLEM TWO 


EIGENVECTORS 
AE he « 260 -.157 0478 ~.164 
ole 1,06 -.166 -.080 ~050 
ot ees 103 ~562 . 366 O14 
334 370 097 -.152 -.572 
»328 022 Pay it el f= 629 
28h -.390 -.243 360 -.086 
350 -.127 » 310 - 533 eho 
2302 -.22k -.516 . 060 182 
ea15 -.613 me as -.113 -.393 
~ 337 a t- e -.382 8h 


Eigenvalues 8245.09 102.64 70.80 64.49 44.45 


i 
SELLE ELLIO LLL LLL LLL LALO a a a a I ETS A 


GOL 


XX BIGAT 


HOT RVUGD IA GMA SAUJAVNEDTS = ree 
SMO MRIGORT .@ Wont: 
CAOTORVMROT 3 Ms, 


css. ST F.- fed. FRR a= CSL, 

vty. LEE Ost. Aeg, CUS . es 
{?0.- Bee - eves G £. ' Of. 

See.- Gay ait. @ahp- ake. 

eal. Jal, - Sal, eat SEs. 

BAF. TS r. OL, Oe. TSE. 

OS BOS, ~ Toe - S05 ,- sdf. 

car a0 4s ae OLf,= CEE. 

ete REL. oad, as kv See, . 

i y= OaAo - (Si. Les .- EE. 


Txe BRAT 


SHOTORVMGOTA CUA CRUD AVMSO DE Sai Tears 
OWT MaGGGHS .& FORD | ia 
PHOTSavURONe | A 


I a a a a ey i yt —_ 


LOL LE Ec Sw 


Jet .- ayy. cfs OB. 
OF, O80, - ret otal, 
ALO. Ooé . SOc, fur, 
ove. - Sel.- Yeu: OYE. 
eS0, aye SIs. $80, ‘3 
sae res SO ae 0 be at ‘a 
cra. ce OF i :,  Se 
Sbr, G30. Oicc- fete | 
EGE, cif. - Iti. Ela, = i "eae 
as. S8é,- at eel. ve MEE. 


Be dind eT) de 


ha aE 


101 


TABLE XXII 


UNROTATED LOAPINGS FOR COMPONENT CURVES, GROUP A 
PROBLEM ONE 


Subtask Curve 
T abi 
Ai 4.003 -.52k 
2 D0 5RL -o 744 
3 5.408 -1.092 
4 6.120 -1.320 
5 6.039 -.913 
6 6.660 923 
7 7.408 305 
8 10#92 784 
9 7.316 675 
10 7.280 907 
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TABLE XXIII 

UNROTATED LOADINGS FOR COMPONENT CURVES,GROUP A 
PROBLEM TwO 

Subtask Curve 
I ik 

‘a 5 .9ec -1.197 

. cpa -1.076 

3 (gan k:: -.251 

4 7479 0250 

? 72423 250 

6 7.560 a79 

7 Pere 220 

8 7.683 369 

9 7. Ob 232 

10 74585 301 
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TABLE XXIV 
UNROTATED LOADINGS FOR COMPONENT CURVES, GROUP A 
PROBLEM ONE 
Subtask 
1 3.895 
2 6.273 
3 6.594 
4 7.126 
5 6.962 
6 6.952 
4 7 «266 
8 7.198 
9 TeUot 
10 TekeS 
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TABLE XXV 


UNROTATED LOADINGS FOR COMPONENT CURVES, GROUP B 
PROBLEM TWO 


Subtask 
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TABLE XXVI 
UNROTATED INDIVIDUAL LOADINGS, GROUP A 
PROBLEM ONE 


Individual i a 
1 1.182 -.692 
a leased -1.003 
3 lalee 048 
i 758 -1.039 
> 1.169 -.592 
6 589 -.984 
i 1.6263 -.504 
8 1.028 062 
9 1.225 -1.003 
10 Liz -.932 
gad 864, 1.496 
Ls 84.6 - 29k 
13 910 1.997 
14 952 -.253 
15 972 1.304 
16 936 tf 
7 14030 913 
18 816 ~159 
19 604, -1.989 
20 1.061 0418 
21 882 02h 
22 1.010 991 
23 1.092 .119 
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TABLE XXVII 


UNROTATED INDIVIDUAL LOADINGS, GROUP A 
PROBLEM TwoO 


Individual I a HS 
1 1.044 so 
2 1.094 -.965 
3 1.082 =~,b05 
k 1.082 ~.605 
5 TeG7L =o 25 
6 « 701 OO 
7 1.094 -.965 
8 1.071 -.245 
9 1.038 835 
10 1.035 . 763 
ist 1.082 ~.605 
12 1.094 -.965 
19 1.082 -.605 
14 1.038 2635 
15 ga gi -.2h5 
16 1.058 -.169 
17 98h 1.447 
18 87h 1.507 
19 455 -1.844 
20 2975 0245 
21 1.069 -.529 
22 941 1,752 
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TABLE XXVIII 


VARIANCE-COVARIANCE MATRIX FOR DISCRIMINANT 
FUNCTION VARIABLE 


30.00 -11.00 -8.00 1.33 -7.33 30.33 -128.67 23. 
$5.50 =1,00 =2.00 =5,00 10,00. 217.50 ‘61, 

52.00 -.67 -12.33 58.33 301.33 -117. 

ae 89 hob  -68.56 18. 

19.11 =-62.44 -103.44 -34. 

837.78 1632.78 670. 
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